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Abstract :
The aim of this study was to evaluate the effects of row orien-
tation on vine and soil water status in an irrigated vineyard. The 
trial was developed during 2006, 2007 and 2008, in the South East 
region of Madrid (Spain) on 5-year old Cabernet franc grapevines 
(Vitis vinifera L.) grafted onto 140Ru. Plant spacing was 2.5 m x 
1.5 m and vines were trained to a VSP. Four orientations were stu-
died: North-South (N-S), East-West (E-W), Northeast-Southwest 
(N+45) and North-South +20o (N+20). Irrigation (0.4·ET0) started 
when shoot growth stopped. Soil water availability was measured 
using a TDR technique with forty buried probes. Row orientation 
did not have any effect on water consumption in the vineyard. At 
maturity, leaf water potential was measured at predawn, early mor-
ning, midday and 14:00 solar time, on both canopy sides - sun and 
shade – ; the early morning measurement was the one that better 
differentiated treatments. Leaf water potential was a good indica-
tor of plant water status. Differences between (N-S and E-W) and 
(N+20 and N+45) treatments were obtained both on sun and shade 
canopy sides, N+20 and N+45 having lower leaf water potentials 
then drier leaves. The water stress integral shows that N-S and 
E-W reach the end of maturation with a greater level of hydration 
than N+45 and N+20. As a whole, N+45 and N+20 orientations, 
without affecting too much the soil available water content, induce 
regularly more water stress to the vine at some periods, probably 
due to an higher sunlight interception in early morning which 
makes water limitation for the vine more early and thus  more 
severe during the day.
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Résumé : 
Le but de cette étude était d’évaluer les effets de l’orientation 
du rang sur l’état hydrique du sol et de la vigne dans un vignoble 
irrigué. L’essai a été développé au cours de 2006, 2007 et 2008, dans 
la région sud est de Madrid (Espagne) sur des vignes de Cabernet 
franc (Vitis vinifera L.)  de 5 ans  greffées sur 140R. L’espacement 
entre les plantes était de 2,5 m x 1,5 m, et les vignes étaient con-
duites en Espalier. Quatre orientations de rang étaient étudiées : 
nord-sud (N-S), est-ouest (E-W), nord est – sud ouest (N+45) et 
nord – sud +20 (N+20). L’irrigation (à 0,4 ET0 ou 0,4 ET maxi-
male) a commencé à la ﬁn de la croissance végétative. La teneur en 
eau disponible du sol a été mesurée en utilisant la technique TDR 
avec 40 sondes enterrées. L’orientation du rang n’a eu aucun effet 
sur la consommation en eau du vignoble. A maturité, le potentiel 
hydrique foliaire a été mesuré à l’aube, en début de matinée, à midi 
et à 14h00 en temps solaire, sur chacun des deux côtés de la végé-
tation – au soleil et à l’ombre – ; la mesure du début de la matinée 
a été celle qui a le mieux différencié les traitements. Le potentiel 
hydrique foliaire a été un bon indicateur de l’état hydrique de la 
plante. Les différences entre les traitements (N-S et E-W) et (N+20 
et N+45) ont été obtenues sur les deux faces de la végétation, expo-
sée ou à l’ombre, les orientations N+20 et N+45 ayant le potentiels 
hydriques foliaires plus bas donc des feuilles plus sèches. L’inté-
grale de stress hydrique a montré que les orientations N-S et E-W 
atteignaient la maturation avec un niveau d’hydratation supérieur 
que N+45 et N+20. globalement, les orientations N+45 et N+20, 
sans trop affecter la teneur en eau disponible du sol, induisent régu-
lièrement plus de contrainte hydrique sur la vigne, probablement en 
raison d’une interception du rayonnement solaire plus élevée en 
début de matinée ce qui rend la contrainte hydrique subie par la 
vigne plus précoce et ainsi plus sévère pendant la journée.
Mots clés: 
Vignoble irrigué, orientation du rang, consommation en eau, 
contrainte hyfrique journalière, potentiel hydrique foliaire, inté-
grale de stress hydrique.
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INTRODUCTION
The water status of a vineyard is closely related to cli-
mate, soil and plant. Several authors state that among the 
factors that influence the water status of vines the most 
important are: depth of soil explored by the roots, meso-
climate, canopy microclimate, rootstock, variety, leaf area, 
soil management and trellis systems employed (Carbonneau, 
1980; Champagnol, 1984; Poni et al. 1996; Lissarrague et 
al., 1998, Choné et al., 2000; Zufferey and Murisier, 2003; 
Deloire et al., 2004; Yuste, 2007).
In the plant kingdom, the water deﬁcit is the source of 
important physiological responses such as stomatal regu-
lation and reduction of vegetative and reproductive growth 
and, as a result, the decrease in the global yield of the vine 
(Choné et al., 2000; Williams and Araujo, 2002), this makes 
it essential to assess the water status of plant and soil.
The training system, in a broad sense of the concept, 
that is taking into account  the trellis type, type of pruning, 
bud load, plant density and orientation of the rows, has a 
deﬁnite impact on the consumption of water by the plant, 
thereby affecting the physiology and productivity of the 
vine (Carbonneau, 1980; Huglin, 1986; Lissarrague et al., 
1998). Water consumption will be determined by the hydric 
availability of the vine, vegetative development and evapo-
transpirative demand of the atmosphere (Gómez del Campo, 
1998).
Given certain weather conditions, the plant water sta-
tus depends on the geometric characteristics of the canopy, 
which determines the interception of radiation by the leaf 
area, increasing water consumption as the amount of inter-
cepted sunlight increases (Yuste, 2007). Many authors state 
that the orientation of the rows is a fundamental factor that 
affects the interception of radiation, leaf microclimate and its 
vapour pressure deﬁcit, and therefore, the amount of water 
consumed by the plant, as well as its photosynthetic capacity; 
this effect is more obvious in vertical and continuous cano-
pies than in open and discontinuous systems (Champagnol 
1984, Galet, 2000; Zufferey and Murisier, 2003).
The main objective of this study is to evaluate the 
inﬂuence of four crop orientations on the water content in 
soil and water status of vines, in a irrigated vineyard trained 
onto a VSP trellis in a warm area. Thus, the consumption of 
water by the plant is analysed in four speciﬁc phenological 
stages. Besides this, the study of plant water status, through 
the daily evolution of leaf area at the end of maturation, is 
also studied, differentiating between the exposed and unex-
posed face of the trellis.
MATERIALS AND METHODS
The test plot is found in the Southeast region of Madrid 
(Spain), at 732 m altitude and at the geographical coordinates 
40o 8’ North and 3o 23’ West. Experimental data was taken 
in the years 2006, 2007 and 2008. Vines, cv. Cabernet franc 
grafted onto 140 Ruggeri, were planted in 2003 to a 2.5 m 
x 1.5 m, trained to a Royat bilateral cordon and vegetation 
guided vertically (VSP). The vineyard developed a total leaf 
area (LAI) of 1, 1.93 and 1.09 m2 leaf area / m2 of land, in 
the years 2006, 2007 and 2008 during ripening. The external 
leaf area (SA) was 0.95, 1.14 and 1.09 m2 leaf / m2 of land, 
for the three years of study. 
Where the experimental plot is found there are two dif-
ferent types of soil: the ﬁrst one is classiﬁed as as a Xero-
chrept calcixerollico according to the USDA method (1998). 
The second soil type is deﬁned as a Haploxeralf calcium. 
The slope of the land is less than 1% and there are no physi-
cal and/or chemical limitations that could affect any of the 
treatments. The soil management was performed by applying 
an herbicide to the total soil surface, using pre and post emer-
gent herbicides. 
The weather pattern affecting the plot corresponds to 
a Continental Mediterranean climate. Annual precipitation 
during the 3 years of study was 373 mm in 2006 , 224 mm 
in 2007 and 410 mm in 2008, in all cases around half of the 
annual rainfall was registered during the active period of the 
vine. Table 1 shows a summary of the relevant meteorologi-
cal parameters for the deﬁned intervals between key stages 
during the three years of testing.
Crop phenology was observed every week using the sca-
le described by Eichhorn and Lorenz (1977) and modiﬁed by 
Coombe (1995). Data from ﬂowering in 2006 until maturity 
in 2008 was taken. Bud burst took place on the 107th and 
114th days of the year (in 2007 and 2008), fruit-set on the 
159th , 170th , 178th days of the year (2006, 2007 and 2008), 
véraison on the 220th , 239th and 231st days of the year and 
maturity (determined by the date of harvest) on the 262nd, 
277th and 280th days of the year. 
Four experimental treatments settled down, distributing 
four repetitions in each one of the treatments. The 4 deﬁned 
treatments were: North-South (N-S), East-West (E-W), Nor-
theast-Southwest (N+45) and North-South plus 20° towards 
East (N+20). 
The experimental plot has a drip irrigation system. The 
irrigation dosage applied was calculated on a weekly basis, 
 Table 1 - Summary of relevant meteorological parameters for 
the deﬁned intervals between the main phenological states during 
the three years of the study. Effective precipitation (Pe, mm), 
Evapotranspiration of reference (ET0, mm), Growing degree 
days(GDD, oC, base 10oC).
Table 1 - Relevé des variables climatiques pertinentes pour les 
intervalles déﬁnis entre les principaux stades phénologiques 
au cours des trois ans de l’étude. Pluies efﬁcaces (Pe, mm), 
Evapotranspiration potentielle de référence (ET0), degrés x jours 
de croissance  (GDD, °C, base 10°C).
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from the ET0 of the previous week, by using a crop coefﬁcient 
of 0.4. Table 2 shows the water applied or different intervals 
between key stages during the three years of study.
Determination of water consumption of the vine 
Water consumption between two determined dates was 
calculated using a water balance in which a TDR (Time 
Domain Reﬂectometry) technique was used to determine the 
variations of volumetric water content in soil. The effective 
precipitation (Pe, mm) and the amount of irrigation water (R, 
mm) between the measurement dates was taken into account 
in the calculations.
The estimated consumption was calculated between the 
most representative stages of the vine: budbreak, fruit-set, 
veraison and maturity or harvest. 
Leaf water potential
Leaf water potential was measured during the three 
years of testing, with a Scholander-type pressure chamber, 
Model 3000 Soil Moisture Equipment Corporation (Santa 
Barbara, CA, USA). 
The measurement was made near the time of harvest at 
four points of the day: before dawn, at photosynthesis maxi-
mum, at solar noon and in the afternoon (14:00 Solar Time). 
A sunny day was choosen, without cloudy intervals, choo-
sing healthy leaves from the primary shoots of average size 
and representative of the bunches area. Measurements were 
taken on both the sunny and shady side of the trellis system, 
resulting in a total of 8 leaves measured per experimental 
treatment (32 in total). 
Water stress integral
The water stress integral (Figure 1) expresses the stress 
intensity and duration of stress for the maximum value of 
potential recorded at a time of day in a given period and was 
calculated using the formula deﬁned by Myers (1988). 
The statistical analysis of results has been calculated 
using analysis of variance for probability levels of p ≤ 0.05 
(*), p ≤ 0.01 (**) p ≤ 0.001 (***). When signiﬁcant diffe-
rences appeared the comparison of means using the Duncan 
multiple test for a probability level of p ≤ 0.05 was carried 
out.
RESULTS AND DISCUSSION
Water consumption in the plant 
Water consumption is determined by the water available 
to the plant, vegetative growth and the atmospheric evapo-
transpirative demand (Gómez del Campo, 1998). Under our 
test conditions, the main determinants of water consumption 
were the atmospheric demand and the leaf area development. 
Differences caused by row orientation in terms of amount 
of leaf surface exposed to direct sunlight and, therefore, in 
water consumption of the vineyard, were not reﬂected in the 
studied plot (Table 2). 
Given that during the three years studied, no signiﬁcant 
differences in the volume of water in the soil were found 
however differences  between leaf area developed by the crop 
and the environmental conditions of each year were found, it 
seems that the higher water consumption in 2007 is due to to 
the particular weather conditions in that year and their impact 
on the microclimate of the plant, and, also, to the increased 
vegetative growth compared to 2006 and 2008, than to the 
different orientations of the crop rows. Williams (2002) and 
Sivilotti et al., (2005) concluded that, ultimately, the develo-
pment of the leaf area and the atmospheric demand marked 
the general pattern of water consumption of the vine. 
As shown in Table 2, increased consumption of soil 
water occurred between fruit-set to véraison (with rates 
between 35 and 70%), compared to bud-burst to fruit-set 
(13-38%) and véraison to harvest (about 25%). The period of 
fruit-set to veraison, which is longer, with a greater evapo-
Figure 1  - Water Stress Integral accumulated in the years 2006 and 2007 for the exposed leaves on the trellis
x: Signiﬁcance (Sig.) *,**, ns: signiﬁcant at p≤0.05 and 0.01, respectively.
Figure 1 - Intégrale de Stress Hydrique accumulé (cumul des potentiels hydriques foliaires, Mpa) dans les années 2006 et 2007 pour les 
feuilles exposées dans le palissage. Signiﬁcation du test (Sig) *, **, ns : signiﬁcatif à p<= 0,05, signiﬁcatif à p<= 0,01, non signiﬁcatif, 
respectivement.
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transpirative atmospheric demand and a maximum in total 
leaf area is characterized by higher consumption (Araujo et 
al., 1995; Wample, 1999; Williams, 2002). 
Water status of vine 
Table 3 shows the data for each of the hours of measu-
rement carried out at the end of maturation.
Table 2 - Increase in content of water volume in soil (Δ, %v/v), effective precipitation (Pe, mm), irrigation carried out (R, mm) and average 
consumption of each treatment (ETc, mm)
x: Signiﬁcance (Sig.) ns: not signiﬁcant at p≤ 0.05.
y: Means separated at p≤0.05 using Duncan’s multiple range test.
Table 2 - Evolution de la teneur en humidité volumique du sol Δ (%v/v), des pluies efﬁcaces (Pe, mm), irrigation pratiquée (R, mm) et 
consommation moyenne de chaque traitement (Etc, mm).
Table 3 -  Daily values of  leaf water potential (ψ, MPa) at end of maturation, for exposed and non exposed leaves on the trellis
x: Signiﬁcance (Sig.) *,**, ns: signiﬁcant at p≤0.05, 0.01 or not signiﬁcant, respectively.
y: Means separated at p≤0.05 using Duncan’s multiple range test.
Table 3 -  Valeurs journalières du potentiel hydrique foliaire (-ψ, Mpa) à la ﬁn de la maturation, pour les feuilles exposées et non exposées 
dans le palissage.
— 12 —
In 2007, N-S and E-W reached higher base water poten-
tial (-0.36 and -0.37 MPa) than N+45 and N+20 (-0.41 and 
-0.39 MPa), indicating that the two intermediate orientations, 
having accumulated higher levels of stress during the day on 
an ongoing basis, had greater difﬁculty  to rehydrate over-
night than N-S and E-W. Carbonneau and Costanza (2004), 
concluded that the difﬁculty of the plant to rehydrate at the 
end of the night is largely dependent on the conditions of 
evapotranspiration to which it was subject during the day. 
At the time of maximum photosynthetic activity in lea-
ves exposed and unexposed, N-S and E-W had the highest 
values of potential, differing markedly from the two inter-
mediate orientations, with an average increase, for the three 
years of study, of 16 and 17% for sunny and shaded leaves. In 
early morning, the E-W direction intercepts the least amount 
of direct solar radiation when compared to N-S, N+45 and 
N+20 (Champagnol, 1984), which determines the highest 
level of moisture in leaves. Moreover, N-S reaches punctual 
values of radiation interception higher than those at N+45 
and N+20, but these last orientations accumulate more radia-
tion throughout the cycle and achieve higher levels of stress, 
so they have more difﬁculties both in rehydration and in rea-
ching the harvest with an adequate water level in the plant. 
Direct solar radiation and vapor pressure deﬁcit, determine 
the water demand of the leaf (its transpiration is regulated 
by the opening and closing of stomata), linked to its micro-
climate, (Choné et al., 2000; Deloire et al., 2004). In gene-
ral, at the time of maximum net photosynthesis differences 
between treatments for both sides of the trellis were clearer.
At solar noon on the exposed face of the trellis, the N-
S orientation, due to its minimum in intercepted radiation, 
reaches the highest values of leaf water potential. Champa-
gnol (1984) indicated that at solar noon (in southern regions), 
the N-S orientation was the most favorable in terms of water 
level due to the fact that, at this time of the day, the solar 
energy is mainly absorbed by the ground and not by the plant 
(the minimum interception of radiation absorbed by the roof 
of the VSP trellis). In the unexposed area of vegetation, 
not receiving direct light, E-W will not reach its maximum 
intercepted radiation and hence it will not be equal to the 
intermediate orientations, behaving like N-S. Champagnol 
(1984), states that in E-W, early in the morning and late in the 
afternoon, the radiation intercepted by the plant is minimal 
(almost all of it absorbed by the ground), being maximum at 
solar noon due to the southern canopy. The north face inter-
cepts a small portion of light energy in the form of diffuse 
radiation over a large part of the cycle (Baldini and Intrieri, 
1987). 
During the afternoon, once the sun has changed posi-
tion, the values of leaf water potential are more negative in 
the west canopy now illuminated (in the case of N-S, N+45 
and N+20) and in the south canopy (E-W orientation). In 
the latter case, the illuminated side is the same as during the 
morning. These conditions are consistent with both higher 
temperature and vapor pressure deﬁcit (Murisier and Zuffe-
rey, 1997). Champagnol (1984), states that in the E-W direc-
tion in late afternoon, the radiation intercepted by the plant 
is minimal (almost all of it is received by the ground) and 
also the amount of radiation incident being less than in the 
central hours, because as the day progresses, the sun’s posi-
tion changes to a lower height and, therefore, to a lower inci-
dence. According to the data, E-W appeared to be the more 
hydrated compared to N-S, N+45 and N+20, which showed 
higher levels of radiation interception (they were most direct-
ly exposed to the afternoon conditions).
The water stress integral can be considered to have the 
same meaning as the average water potential through the 
studied period (Baeza et al., 2007). Thus, it provides infor-
mation about the stress level accumulated by the plant over a 
given period. The integral of stress at the time of maximum 
net photosynthesis (2006 and 2007) on sunlit leaves lends 
support to what has been observed in measurements taken 
at the time of harvest: E-W reach the end of the cycle with a 
higher level of hydration in leaves than N-S, N+45 and N+20. 
However, N-S with a smaller accumulated radiation throu-
ghout the cycle, can behave just a E-W and present smaller 
accumulated stress than N+45 and N+20.
CONCLUSIONS
The orientation of the rows had no effect on water con-
sumption of the vineyard; the atmospheric requirements (and 
their impact on the microclimate of the plant) and leaf area 
development were the main inﬂuencing factors in each year 
of study. The highest consumption is recorded in the period 
of fruit-set to véraison. 
The clearest differences between treatments in the water 
status of vines were observed in early morning at the time 
of maximum photosynthetic activity for the two sides of the 
trellis. N-S and E-W showed higher leaf water potential com-
pared to N+45 and N+20. The water stress integral for sunlit 
leaves shows that E-W reach the end of maturation with a 
greater level of leaf hydration, N-S being able to be equal 
to them, and present less accumulated stress than N+45 and 
N+20.
At solar noon, in the exposed area of the trellis, N-S 
treatment reaches a higher water level value compared to 
other treatments, coinciding with its relative minimum at 
radiation interception. On the unexposed side, N-S and E-W, 
are the most hydrated treatments versus N+45 and N+20. 
During the afternoon, E-W reaches the highest levels of 
potential compared to N-S, N+45 and N+20. 
N+45 and N+20 in 2007, showed a greater difﬁculty 
to insure an overnight re-hydration than N-S and E-W, in 
the latter case, higher predawn leaf water potentials were 
obtained.
.....As a whole, N+45 and N+20 orientations, without 
affecting too much the soil available water content, induce 
regularly more water stress to the vine at some periods, pro-
bably due to an higher sunlight interception in early morning 
which makes water limitation for the vine more early and 
then more severe during the day.
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